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Intrinsic trapping sites in rare-earth and yttrium oxyorthosilicates
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Similarity among the thermally stimulated luminescence glow curves of undopgsi@iiand
Ce’"-doped oxyorthosilicates possessing the monocli@R/c structure strongly suggests the
luminescence traps are intrinsic in origin. They are most likely associated with the configuration of
oxygen ions in the vicinity of not only the Geion, as suggested in previous work, but also the host
lanthanide ion. The optical absorption spectrum of pristingSi@Q; shows the presence of intrinsic
absorption centers that are enhanced upon x irradiation as seen in other oxides containing oxygen
related point defects. €1999 American Institute of Physid$0021-897@9)06921-7

Cerium  activated  oxyorthosilcates  4Si0;5:Ce Emission spectra of all Ce-doped oxyorthosilicates are
(LSO:Ce, Y,SiO;:Ce (YSO:Ce, and GgSiOs:Ce dominated by C¥ transitions, whereas the multiple line
(GSO:Ce have proved to be excellent scintillation phos- spectrum observed in undoped LSO is ascribed to transitions
phors because of their relatively high density, good light out-of low-level rare-earth impurities. Regardless of variations in
put, and fast decay time* Although the 1¢ decay time,r,  the emission spectra, LSO and LSO:Ce, as well as other
is fast (~40ns) there is considerable afterglow, i.e., lightoxyorthosilicates with theC2/c structure, exhibit similar
emitted at times exceeding that is deleterious in most im- glow curves. This strongly suggests that TSL traps are intrin-
aging applications. The intensity of afterglow has beensic and are likely associated with the configuration of oxygen
shown to exhibit sample-to-sample variability even amongons in the vicinity of the host rare-earth ions. The presence
specimens extracted from the same bduléiermally stimu-  of Ce* is not required to produce the characteristic glow
lated luminescencé€l'SL) studies have established the exis- curve of theC2/c-structured oxyorthosilicates.
tence of several glow peaks in LSO:Ce with the most intense  All measurements on oxyorthosilicates were made on
one occurring just above room temperature375K) and  specimens of dimensionsx2x 1 mnt grown by the usual
characterized by a thermal activation energy-df eV, lead-  Czochralski techniqu¥. TSL glow curves were obtained
ing to the conclusion that TSL traps are responsible for thavith a Harshaw Model 3500 reader operating at a linear heat-
afterglow®® Recent results on related compounds,ing rate of 5 °C/s. RL and TSL emission spectra were mea-
LUAIO;:Ce and YAIQ;:Ce, have provided additional sup- sured by passing a portion of the emitted light through an
port for this conclusiod. Measurements of radiolumines- optical fiber onto the entrance slit of a 1/4 m monochromator
cence(RL) and TSL emission spectra in Ce-doped oxyortho-and collecting it with a charge-coupled devi€@CD) detec-
silicates have firmly established the %eion as the tor. Optical absorption was measured at room temperature
luminescence center; however, identification of the trappingvith a Cary 5E spectrophotometer.
sites is lacking. Dorenbost al.” have proposed a center-to- In Fig. 1, we show the TSL results for LSO:Ce and
center recombination model to explain TSL in LSO:Ceyndoped LSO following room temperature x irradiation
whereby C&" is the charge donor, recombination center, and(1.2x 10*R). Although the integrated TSL intensity of un-
trap-creating defect. The origin of these traps was describegoped LSO is much lower than LSO:Ce, the positions of the
as an intrinsic property of LSO:Ce, most likely associatedheaks are nearly identical. Three peaks are easily resolved
with specific configurations of oxygen ions around the cenyjth maxima near 375, 430, and 490 K, with additional weak
tral C€* ion. glow (shown more clearly in Fig.)3at higher temperature,

In the present work, we show that undoped LSO exhibitssjmilar to the previously reported resultFSL and RL emis-

a glow curve similar to LSO:Ce. In fact, we find that sjon spectra are identical and we show the RL spectra in Fig.
YSO:Ce, YbSO:Ce, LSO:Ce, and LSO exhibit similar TSL 7 | SO:Ce emission is dominated by the very efficiedts
glow curves, leading to the conclusion that oxyorthosilcatesys electronic transitions of the @& ion, whereas undoped
possessing the monocline2/c structure® are characterized | 50 is characterized by several weak lines presumably as-
by Ttrmsm glow peaks, which do not require the presence 0fqciated with low-level rare-earth impurities. Similarity in
Ce*" ions for their formation. In support of this cqnclusmn, the glow peak positions of the two samples strongly suggests
we show that the TSL glow curve of GSO:Ce, which has thenat trapping sites responsible for these peaks are intrinsic to
monoclinicP2, /c structure, is quite different from the LSO- {16 structure and not dependent upon thé'Gaibstitutional

type glow curve. impurity for their formation. The reduced TSL intensity of
LSO relative to LSO:Ce may be due to the lack of an effi-
dElectronic mail: cooke@lanl.gov cient scintillator ion(Ce**, e.g) in the undoped LSO lattice.
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) FIG. 3. X-ray-induced TSL glow curves of YSO:Ce and YbSO:Ce. Note the
FIG. 1. X-ray-induced TSL glow curves of undoped and Ce-doped LSOyjtterent ordinate scales. The sharp upturn above 650 °C for the weak
taken by heating the samples at 5 °C/s. Note the different ordinate scalesypso:ce TSL is due to blackbody radiation emanating from the silver

sample holder.

To support the suggestion that TSL traps are intrinsic we
measured TSL and emission spectra of YSO:Ce andecessary for the formation of traps. Host lanthanide ions
YbSO:Ce subjected to the same exposure. Each of thegdso are perturbed by the neighboring oxygen configuration
specimens has the same monoclifiz/c structure as LSO, thus allowing formation of trapping sites.
but the latter specimen does not exhibit intense luminescence Substitution of the larger Gd ion into the rare-earth
due to quenching of the e emission via a charge transfer oxyorthosilicate lattice causes the crystal structure to change
mechanisnt! Nevertheless, as shown in Fig. 3, they bothfrom the monoclinicC2/c structure to the monocliniB2; /c
exhibit glow curves that are similar to those of LSO:Ce andattice!® Therefore, we expect GSO:Ce to exhibit a glow
undoped LSO, shown in Fig. 1. The emission spectrum ofurve that is distinctively different from the LSO type, as
YSO:Ce is identical to that of LSO:Gsee Fig. 2 whereas confirmed by the result shown in Fig. 4.
emission from YbSO:Ce is quenched as mentioned above. Oxygen related defects in oxides, for exampletype
Based on these results we conclude that the origin of the TStenters, are usually enhanced by irradiation or thermochemi-
traps is intrinsic defects most likely associated with the con<al reduction as manifested by optical absorption changes in
figuration of oxygen ions around the rare-earth ions. Théhe ultraviolet and visible portions of the spectriimAc-
important difference between our conclusion and that ofordingly, we measured the optical absorption spectra of x
Dorenboset al.’ is that the presence of €eions is not irradiated and pristine LSO and show the results in Fig. 5.
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FIG. 2. Typical emission specti@ncorrecteyl of undoped and Ce-doped FIG. 4. Representative x-ray-induced TSL glow curve of GSO:Ce shown
along with the glow curve of LSO:Ce for comparison.

LSO.
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FIG. 5. Optical absorption spectra of pristine and x-irradiated L&D.

Pristine spectrum(b) following 1 min x irradiation,(c) following 30 min x
irradiation, andd) difference spectrum obtained by subtractingfrom (a).
Note the different ordinate for curve d.

Cooke et al.

Summarizing, we have shown that TSL glow curves of
undoped and Cé-doped oxyorthosilicates with th€2/c
structure are similar, providing strong evidence for the intrin-
sic nature of the traps. They are most likely associated with
the configuration of oxygen ions in the vicinity of not only
the Cé" ion, as suggested by Dorenbesal,’ but the host
lanthanide ions as well. Therefore, development of an appro-
priate trapping model for these materials does not require the
presence of C& ions. Optical absorption spectra of undoped
LSO shows the presence of intrinsic absorption centers that
are enhanced upon x irradiation and reminiscent of oxygen
related point defects in oxides.
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